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^ (54) Title: APPARATUS FOR REMOVING A FLUID COMPONENT FROM PARTICULIZED SOLID MATERIALS 



' (57) Abstract: The 



concerns an apparatus for the removal of 



from particuliied, solid food products, comprising: 



a housing; a perforated plate, creating two chambers in the housing, gas-inlets, present below the perforated plate; an outlet ir. — 
Q perforated plate, provided with a removable plug; heating means for the gases. The invention further concerns a process for the 

removal of moisture from solid, small panicles, by subjecting these particles, while in an annular, fluidized bed to a heat treatment 
^ for a specific time. 
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APPARATUS FOR REMOVING A FLUID COMPONENT FROM PARTICULIZED 
SOLID MATERIALS 

5 The invention concerns apparatus for the removal of a fluid 
component, in particular of moisture from particulized 
solid materials, in particular from solid particulized food 
materials. The invention further concerns a process for the 
removal of these fluids from those materials, in particular 
10 by using the apparatus according to the invention. 

An apparatus for the conditioning of particulate or 
granular materials in a fluidized bed is disclosed in 
US A 033 555. According to this document moisture can be 

15 removed from materials such as a sand by providing a 

fluidized bed of the sand and subjecting the sand to an air 
stream with a predetermined flow pattern for circulating 
and mixing the material. The apparatus disclosed has a 
sieve plate provided with openings with a specific shape 

20 through which the fluidizing gas is introduced in the 
apparatus. These openings stimulate the circulation and 
create controlled sprouting of the material in the vicinity 
of the walls and in this; way an internal circulation of the 
material in the fluid bed is achieved, which prevents the 

25 granular material from sticking together. This makes that 
this system can also be applied for non free flowing 
granular materials such as eg wet sand. 

This apparatus however is not useful for removing moisture 
from particulized solid food materials because these 
30 materials can be damaged easily during the treatment 
leading to the appearance of black spots due to 
overburning. Moreover this apparatus cannot be used in a 
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semi-continuous process as no provisions are given for the 
removal of the treated material. Also the heating of the 
gas is not efficient as no indications are given how the 
fluidizing gases are heated and/or how the rest heat 
5 present in the exhaust gases can be applied in the process. 
Further the introduction of the fluidizing gases via the 
bottom of the sieve plate is not very efficient because 
these gases do not have a clear axial and tangential 
component. Herefore the openings in the sieve plate have to 
10 have a very specific shape. 

From US 4 875 435 an apparatus is known that can be applied 
for the combined drying and coating of pharmaceutical 
materials. Herefore the apparatus according to this US 

15 patent is provided with spraying means for the coating. 

Although a fluidized bed is created above a sieve plate and 
gases are introduced that provide an axial component to the 
solid materials in the fluidized bed, the gas that provides 
the tangential component to these materials is introduced 

20 above the sieve plate. We found that such an introduction 
of the latter gas does not lead to good results. Moreover 
the system disclosed herein has other disadvantages such as 
the fact that in the treatment chamber above the sieve 
plate areas are present wherein the fluidisation is not 

25 optimal, which leads to non-hygenical conditions that are 
not allowable in the treatment of food products. Also hot 
spots will be present leading to local overburning of the 
food products and thus resulting in unacceptable products. 
Further the products cannot be removed from the system in a 

30 way enabling a semi-continuous process. 
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A similar apparatus is disclosed in US 4 532 155. Therefore 
the same disadvantages are connected to the use of this 
apparatus as mentioned above. 

5 According to US 3 908 045 an apparatus for the coating of 
detergent particles is provided with a perforated plate 
through which fluidizing gas is introduced sothat a 
fluidizable substance is coated in a fluidized bed. 
Although air is introduced that provides a tangential 
10 component to the particles it is not clear whether this air 
is introduced above or below the perforated plate. 

According to US 4 866 858 or JP 54040480 the heat transfer 
in a fluidized bed can be improved if the fluidizing gas is 
15 introduced as sequential streams {thus creating a kind of 
pulsated gas stream) . 

The use of a centrally positioned opening for the removal 
of the reaction product from a fluidized bed system is 
20 disclosed in eg US 4.640 023. 

We studied whether we could develop a novel apparatus and 
find a novel process which would enable us to remove a 
fluid component, in particular moisture from particulized 

25 material, in particular particulized food products which 
would avoid the problems of the prior art mentioned above. 
This study resulted in our new inventions on an appartus 
and on a process. Therefore our invention concerns in the 
first instance a novel apparatus for the removal of a fluid 

30 component from particulized solid materials comprising; 
a housing (1) 
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a perforated plate (2) separating the housing (1) into 
two chambers (3) and (4), chamber (3) being a gas 
introduction chamber and chamber (4) being a 
reaction/drying chamber, whereby: 
5 - chamber (3) is provided with two separated gas inlets 
(5) and (6) 

gas inlet (5) being present in the bottom (7) of 
chamber (3) and providing an axial direction to the 
gas and 

10 - gas inlet (6) being present below the plate (2) and 

providing a tangential direction component to the gas 
the perforated plate (2) is provided with an outlet 
opening (8), provided with a removable plug (9) for 
opening and closing of outlet opening (8) 

15 - means (10) for feeding the solid particulized material 
into chamber (4) 

a gas outlet system (17) for the removal of the gases 
from chamber (4) 

20 In order to achieve that an efficient fluidisation of the 
particulized material is obtained, wherein the particles 
obtain an axial and a tangential velocity component, while 
simultaneously the particulized material remains above the 
perforated plate (2) during the processing, we found that 

25 it is best if the perforated plate (2) is provided with 
perforations (11) with a diameter between 0.5 and 4 mm. 
Optimal results being obtained if the total surface of the 
perforations in plate (2) is 10-30 %, preferably 15-25 % of 
the total plate surface. 

30 

In order to achieve that the fluidized bed will obtain the 
form of an annular bed of fluidized particles while the 
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removal of the end product is facilitated we found that it 
is beneficial if plate (2) has a shape of a cone or a wok, 
while at the lowest point of the cone or wok outlet opening 
(8) is present. 

5 

The thickness of the plate (2) and the size of the 
perforations herein have an impact on the velocity of the 
tangentially introduced gas component and thus on the 
creation of the fluidized bed. Therefore we prefer to apply 
10 a plate wherein the ratio between thickness (t) of plate 
(2) and diameter (d) of the perforations (11) in plate (2), 
i.e. t/d = 0.2-1.6. 

The position for the inlet of the gas introduced via gas 
15 inlet (6) has an impact on the efficiency of creating the 
fluidized bed. We found that the best results were obtained 
if gas inlet (6) is present at a point above 0.4h, 
preferably at a point above 0.5h from the bottom of housing 
(1), h being the height of chamber (3). 

20 

In order to control the temperature in the reaction chamber 
(4) we apply a heat sensor (12) in chamber (3) and 
preferably also a heat sensor (13) in chamber (4). The heat 
sensor (s) produce a signal that is applied to control the 
25 temperature of the gas streams in inlets (5) and (6) 

through regulating means (14) for regulating the heating of 
these gas streams. 

A device that can be used to obtain an efficient heat 
30 transfer in the fluidized bed is a pulsator, preferably 

placed in the gas stream introduced via inlet (6). Herewith 
the velocity of this gas stream can be pulsated, resulting 
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in a fluidized bed wherein the distance between the 
individual particles can be changed during the processing. 
This pulsating preferably is performed with an amplitude 
between 0.25 and 10 Hertz. 

5 

In order to enable a semi-continuous process we found that 
the provision of an outlet opening (8) in plate (2) led to 
very suitable results. Therefore we prefer to use an 
apparatus wherein a plug (9) is attached to a plunger (19), 
10 which plug (9) corresponds with the shape and size of 

outlet opening (8) in plate (2) , which outlet opening has a 
diameter of 100-200 mm. 

For an efficient energy consumption we found that it is 
15 advantageous if in the gas outlet system (17) leaving 
chamber (4) an indirect heat exchanger (15) is present, 
whereas the gas in outlet (17) is in indirect heat exchange 
with the fresh gas (21) introduced in the system via inlets 
(5) and/or (6). The gas leaving heat exchanger (15) can be 
20 split into two stream by using a valve (16) in heat 

exchanger (15) , whereby the two gas streams are introduced 
into the system via inlets (5) and (6) . The ratio wherein 
the gas streams are introduced via (5) and (6) can be 
controlled by the position of valve (16) . 

25 

The invention also concerns a process for the removal of a 
fluid component from particulized solid material in a 
reactor, wherein the solid particulized material is 
fluidized by a preheated gas providing to the solid 
30 particles an axial velocity component and a preheated gas 
providing to the solid particles a tangential velocity 
component in such a way that during the heat treatment the 
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solid particles form a fluidized, annular bed of particles, 
at a temperature and for a time sufficient to remove the 
fluid component without overburning of the solid 
particulized material, whereupon the treated solid 
5 particulized material is separated from the reactor as end 
product, while thereafter fresh solid particulized 
material, from which the fluid component still must be 
removed, is introduced in the reactor. 

The best results were obtained when the gas providing the 
10 tangential velocity component is introduced in the reactor 
below a perforated plate that forms a barrier between an 
introduction chamber for the treatment gases and a reaction 
chamber . 

Gas velocities that can be applied for the fluidizing gas 
15 can range from more than 0.5 m/sec, preferably more than 
1.5 m/sec to less than 50 m/sec, preferably less than 10 
m/sec. The best results being obtained when the gases that 
provide the axial velocity component and the tangential 
component are introduced in the introduction chamber in a 
20 ratio V ax : V tan g = 0.1 to 10 , V ax being the velocity of the 
gas providing the axial component and V tan g being the 
velocity of the gas providing the tangential component. 
The gases should be introduced in the reactor with such a 
velocity that the solid particulized material that is 
25 introduced above the perforated plate remains above the 

perforated plate in the form of an annular fluidized bed of 
solid particles. 

The temperature that can be applied in the reaction chamber 
30 (4) should be controlled carefully within a specific range, 
this can be achieved by introducing the gases into the 
reactor directly under the perforated plate (2) with a 
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temperature within the range of 180 - 350 oC, preferably 
200 - 300 oC. 

The most efficient energy consumption is achieved if the 
5 temperature of the gases that are introduced in the reactor 
is controlled by a the signal from a temperature sensor in 
the introduction chamber of the reactor which signal is fed 
to an indirect heat exchanger wherein fresh introduction 
gas is in indirect heat exchange with gas removed from the 
10 reactor. If a signal from a second heat sensor, but now 
present in the reaction chamber is used as well for this 
control an even more efficient temperature control is 
possible. 

15 The residence time of the particulized material in the 
reactor can range effectively between 15 and 90 sec, 
preferably between 20 and 60 sec. 

Although we can subject all kinds of particulized food 
20 products to the treatment according to the invention in 
particular using the apparatus according to the invention 
we found that very good and unexpected results were 
obtained if the food material is grained rice and the fluid 
component removed herefrom is water. The gas stream can be 
25 selected from all inert, food grade gases but we prefer to 
apply air or nitrogen as gas heref ore . 

In the drawing attached the apparatus according to the 
invention is schematically set out. As illustration of the 
30 apparatus and the process of the invention the drawing and 
the use of the apparatus according to this drawing will be 
discussed into more detail. 
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Material to be dried, such as grained rice is fed from a 
hopper (10) into the reaction chamber (4 , from a reactor 
comprising a housing (1) provided with a perforated plate 
5 (2, with the shape of a wok and provided with perforations 
(11) with a size of about 2 mm and dividing housing (1) 
mto a gas introduction chamber (3) and a reaction/drying 
chamber (4). A fluidizing gas is introduced with a velocity 
of 15 m/sec via gas inlets (5) in bottom (7) into chamber 
10 (3). This gas stream gives the particles in chamber (4) an 
axial component. Simultaneously a gas is introduced with a 
velocity of 35 m/sec via gas inlets (6), directly below the 
Plate (2). This gas gives a tangential component to the 
solid particles in chamber (4). m this way the solid 
15 particulized material forms an annular fluidized bed in 
chamber (4). The gases introduced via inlets (5) and (6) 
are heated in heater (18) after being preheated in indirect 
heat exchange in heat exchanger (15) with the gases leaving 
the system via outlet (17). The temperature of the gases 
20 introduced via (5) and (6) is controlled by heat sensors 
(12) and (13) present in chambers (3) and (4) respectively. 
The heat sensors produce a signal which is fed to heat 
regulating means (14) connected with heater (18) and valve 
(16) therein. In order to be able to interrupt the 
25 processing and to remove dried product from the reactor an 
opening (8) is present in the plate (2), which opening (8) 
is provided with a plug (9) corresponding in shape and size 
with opening (8) and which plug is closing opening (8) 
during the drying process but can be lifted using a plunger 
30 (19) after interrupting the gas supply to the system. The 
dried product is removed via a duct which is connected with 
a separator (20, wherein the product is cooled and 
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separated from excess gas. The exhaust gases leaving the 
system via outlet (17) are led to a separator (24), 
preferably being a cyclone, wherein the dust and the gas 
are separated, whereupon the gases are led to heat 
5 exchanger (15) to which also fresh gas is led via inlet 

(21) . A fan (22) is used for the transport of the gas. 
Valve (16) is used for the division of the gas from fan 

(22) into two streams (5) and (6) in the desired ratio. 
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1- Apparatus for the removal of a fluid component from 
partaculized solid materials comprising; 
a housing (1) 

- a perforated plate (2) separating the housing (1) in to 
two chambers (3) and (4), chamber (3) being a gas 
introduction chamber and chamber (4) being a 
reaction/drying chamber, whereby: 

chamber (3) is provided with two separated gas inlets 
(5) and (6) 

gas inlet (5) being present in the bottom (7) of 
chamber (3) and providing an axial direction to the 
gas and 

gas inlet (6) being present below the plate (2) and 
providing a tangential direction component to the gas 
the perforated plate (2) is provided with an outlet 
opening (8), provided with a removable plug (9) for 
opening and closing of outlet opening (8) 
- means (10) for feeding the solid particulized material 
into chamber (4) 

a gas outlet system (17) f or the removal of the gases 
from chamber (4) 

heating means (15, 18) for the heating of the gases 
introduced via gas inlets (5) and (6). 



2. Apparatus according to claim 1 wherein the perforated 
plate (2) is provided with perforations (11) with a 
diameter between 0.5 and 4 mm. 
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3. Apparatus according to claims 1 and 2, wherein the 
total surface of the perforations in plate (2) is 10-30 %, 
preferably 15-25 % of the total plate surface. 

4. Apparatus according to claims 1-3, wherein plate (2) 
has a shape of a wok, while at the lowest point of the wok 
outlet opening (8) is present. 

5. Apparatus according to claims 1-4, wherein the ratio 
between thickness (t) of plate (2) and diameter (d) of the 
perforations (11) in plate (2), i.e. t/d = 0.2-1.6. 

6. Apparatus according to claims 1-5, wherein gas inlet 
(6) is present at a point above 0.4h, preferably at a point 
above 0.5h from the bottom of housing (1), h being the 
height of chamber (3). 

7. Apparatus according to claims 1-6, wherein a heat 
sensor (12) is present in chamber (3) . 

8. Apparatus according to claims 7, wherein in chamber 
(4) also a heat sensor (13) is present. 

9. Apparatus according to claims 7 or 8, wherein heat 
sensor (12) or heat sensors (12) and (13) are connected 
with regulating means (14) for regulating the heating of 
the gasstreams for the inlets (5) and (6) . 

10. Apparatus according to claims 1-9, wherein gas inlet 
(6) is provided with means for pulsating the gas stream via 
inlet (6) . 
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11. Apparatus according to claims 1-10, wherein the plug 
(9) is attached to a plunger (19), while plug (9) 
corresponds with the shape and size of outlet opening (8) 
in plate (2) , which outlet opening has a diameter of 100- 
200 mm. 

12. Apparatus according to claims 1-11, wherein in the gas 
outlet system (17) leaving chamber (4) an indirect heat 
exchanger (15) is present, whereas the gas in outlet (17) 
is in indirect heat exchange with the fresh gas (21) 
introduced in the system via inlets (5) and/or (6) . 

13. Apparatus according to claims 1-12, wherein in the gas 
system, leaving heat exchanger (15) a valve (16) is present 
for dividing the introduction gas over inlets (5) and (6) . 

14. Process for the removal of a fluid component from 
particulized solid material in a reactor, wherein the solid 
particulized material is fluidized by a preheated gas 
providing to the solid particles an axial velocity 
component and a preheated gas providing to the solid 
particles a tangential velocity component in such a way 
that during the heat treatment the solid particles form a 
fluidized, annular bed of particles, at a temperature and 
for a time sufficient to remove the fluid component without 
overburning of the solid particulized material, whereupon 
the treated solid particulized material is separated from 
the reactor as end product, while thereafter fresh solid 
particulized material, from which the fluid component still 
must be removed, is introduced in the reactor. 
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15. Process according to claim 15, wherein the gas 
providing the tangential velocity component is introduced 
in the reactor below a perforated plate that forms a 
barrier between an introduction chamber for the treatment 
gases and a reaction chamber. 

16. Process according to claims 14-15, wherein the gases 
that provide the axial velocity component and the the 
tangential component are introduced in the introduction 
chamber in a ratio V ax : V tang = 0.1 to 10, V ax being the 
velocity of the gas providing the axial component and V tang 
being the velocity of the gas providing the tangential 
component . 

17. Process according to claims 14-16, wherein the gases 
are introduced in the reactor with such a velocity that the 
solid particulized material that is introduced above the 
perforated plate remains above the perforated plate in the 
form of an annular fluidized bed of solid particles. 

18. Process according to claims 14-17, wherein the 
temperature of the gases introduced in the reactor ranges 
between 180 and 350 oC,. preferably 200 to 300 oC at a point 
directly under the perforated plate. 

19. Process according to claims 14-18, wherein the 
temperature of the gases that are introduced in the reactor 
is controlled by a the signal from a temperature sensor in 
the introduction chamber of the reactor which signal is fed 
to an indirect heat exchanger wherein fresh introduction 
gas is in indirect heat exchange with gas removed from the 
reactor . 



WO 01/12287 



PCT/EP00/06593 



15 



20. Process according to claims 14 - 19, wherein the 
residence time of the particulized material in the reactor 
ranges from 15 to 90 sec, in particular from 20 to 60 sec. 

21. Process according to claims 14-20, wherein the 
treatment chamber of the reactor is provided with a plunger 
provided with a plug, corresponding in size and shape with 
an opening in the lowest part of the perforated plate, 
which plunger is lifted after the treatment of a batch of 
particulized solid material is finished whereupon the 
treated end product is removed from the reaction chamber, 
using the overpressure within this chamber. 

22. Process according to claims 14-21 wherein the gas 
providing the tangential velocity component to the solid 
particles is introduced in the reactor while pulsating with 
an amplitude of 0.25 to 10 Hertz. 

23. Process according to claims 14 - 22 wherein the 
particulized solid material is a food product, in 
particular grained rice and the fluid component to be 
removed herefrom is water. 

24. Process according to claims 14 -23 wherein the gas 
applied is an inert gas, preferably air or nitrogen. 



WO 01/12287 



PCT/EP00/06593 



1/1 




SUBSTITUTE SHEET (RULE 26) 



